The analytical, within-subject, and between-subject components of variation of N-acetyl--o-gIucosaminidase (NAG) were estimated from duplicate assays of 10 timed first morning and 10 untimed urine specimens collected from each of 15 ostensibly healthy individuals. Resufts were expressed in terms of activity, NAG/creatinine ratio, and excretion rate. Current analytical methods can achieve desirable performance standards. NAG has little individuality, and conventional population-based reference intervals are therefore useful. In view of the practicabilityand relatively low within-subject variation, for routine clinical purposes we prefer assay of NAG in first morning urine, expressing the results in terms of activity. Using the results of assays of different specimens, we found that the correlation between urinary albumin and NAG varied considerably, owing to the large intrinsic variability of both analytes; this might explain previous conflicting results. for investigation as a marker of early diabetic nephropathy (5,6), although others have considered that urinary alanine aminopeptidase (EC 3.4.11.12) assays might have advantages (7).
biological variability of NAG, to assess whether this would explain the apparently inconsistent findings of others, particularly because we (20) have demonstrated that intrinsic biological variation affects the nosological characteristics derived by using the predictive value popularized by Galen and Gambino (21) .
Methods
Subjects and specimens. Fifteen ostensibly healthy subjects, seven women and eight men, ages 24-43 y, were recruited. They were taking no medication, did not consume significant quantities of alcohol, and maintained their usual lifestyles. Each collected 10 complete first morning urine specimens, noting the exact time interval represented by the specimen, which allowed estimation of early morning NAG activity, NAG/creatinine ratio, and NAG excretion rate. In addition, 10 untimed urine specimens were collected randomly throughout the day from each subject, which permitted NAG activity and NAG/creatinine ratio to be determined. The collections were made over a 10-week period, into plastic bottles containing no preservative. The urine mass was measured, and aliquots were frozen at -20 #{176}C until analysis.
Analytical methods. NAG was assayed with kits from Thames Genelink Ltd., Guildford, Surrey, U.K., according to the protocol of the manufacturer, in a Cobas Fara centrifugal analyzer (Hofilnann-La Roche, Basle, Switzerland).
Creatinine was measured by direct alkaline picrate colorimetry, in a Technicon RA-1000 analyzer (Technicon Instruments Corp., Tarrytown, NY 10591), with Technicon reagents.
Albumin was determined
by using a double-antibody radioimmunoassay kit (Pharmacia, Uppsala, Sweden) according to the manufacturer's instructions. Radioactive counting was done in a 1277 Gammamaster counter, and the 1244 Riacal RIA evaluation system (Pharmacia), a fourparameter logistic curve-fit, was used.
Analytical procedure. On the day of analysis, all urines were allowed to thaw at room temperature, and each was mixed thoroughly and centrifuged before NAG assay. To minimize analytical variation, we analyzed each set of specimens from an individual, in duplicate, in no specific sequence. The same analyst performed all the assays, using single lots of reagents and cansumables.
Statistical analysis of data. The results for NAG were expressed as activity (tmol/h), and as the ratio of this to creatinine concentration (pinol/h per millimole) for both the timed first morning and the untimed specimens. In addition, the excretion rate of NAG (pmollh per hour) was calculated for the timed first morning urines.
The analytical (SDA2), within-subject (SD12), and between-subject (SG02) components of variation of NAG were calculated by nested analysis of variance (Ar4ovA) for both types of urine and each type of reporting format, exactly as described previously (22) . The ANOVA examined duplicate assays of specimens, specimens collected from each subject, and subjects within the group. separately.
An unpaired t-test was used to compare mean values for men and women. The F-test was applied to assess the difference in within-subject variances. To examine the effect of intrinsic biological variation on the correlation between urinary NAG and albumin, we selected, in turn, the first, last, highest, and lowest of the 10 albumin results (x) for each subject, and then, using the corresponding result for NAG activity, NAG/creatinine ratio, and excretion rate (y), calculated the correlation coefficients.
Results and DiscussIon

Variation
Biological variation in healthy subjects. Table 1 shows the mean values and the estimated average analytical, withinsubject, and between-subject variation for all of the healthy subjects and, separately for men and women, of NAG activity and NAG/creatinine ratio in timed first morning and untimed urines, and of excretion rate in the timed first morning urines.
Analytical variation. Analytical variation (CVA) was <5% and was similar for assays of NAG activity in both timed first morning and untimed urines. As expected, the CVA for estimation of NAG/creatinine ratios was greater because of the additional error contributed by the assay of creatinine; this suggests that expression of results in such terms has disadvantages.
A widely held view is that analytical variability should be less than half of the within-subject variation (14); therefore, the analytical goal for the precision of urinary NAG activity assays can be met easily with currently available techniques.
Urinary NAG and NAG/creatinine ratio. Although men had higher values than women for NAG activity and NAG excretion rate in the case of first morning urines, and for NAG activity in the case of untimed urines, the differences were not statistically significant (t-test; P <0.5). Therefore, reference intervals stratified by gender may not be warranted, although it is likely that, had we studied more individuals, statistical significance would have been reached.
Within-subject and between-subject variation. The timed first morning urines had the smallest within-subject variation when results were expressed as excretion rate. Expres- 
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sion as a ratio of creatinine concentration increased the within-subject variation in the timed first morning urines, but decreased it in the untimed specimens. Except for NAG activity in untimed urines, the average within-subject variations of all variables were greater for men and women. This difference reached statistical significance for NAG/ creatinine ratio in both types of urine (P <0.05).
The between-subject variations were also least overall for the timed first morning urines with results expressed as excretion rate.
Indices of Individuality: Utility of Reference Intervals
The ratio of within-to between-subject variation, when these are expressed in SD or CV terms, is known as the "index of individuality" (15) . Use of the index allows assessment of the true utility of conventional population-based reference intervals (15) . Only when the index is >1.4 are such intervals useful when the test is used for screening, or for diagnosis, and no previous data exist on individuals. Table 2 shows the indices of individuality for the urine types and reporting styles studied. In all cases, the index is >1.4.
Significance of Changes: Monitoring of Patients
Knowledge of the critical difference, which is the total variation required for a significant change to have occurred between two results from an individual subject, is valuable when patients are being monitored. ForP '0.05, the critical difference is 2.77 (SDA2 + SD12) (16). Table 2 shows the critical differences for both types of urine examined and the modes of expression of results studied. These are large because of large intrinsic within-subject variation, but are smaller for the first morning than for the untimed urines; therefore, first morning urines may be better for monitoring patients.
The quoted critical differences will be of ubiquitous applicability only if all individuals have the same within-subject variation. This can be examined by calculation of an index of heterogeneity of within-subject variation (23) . This index is defined as the ratio of the observed CV of a set of individual variances (SDA#{247}z)2 to the theoretical CV, namely [2/(n-1)}', where n is the average number of specimens from the subjects. Table 2 shows the indices for both types of urine and the possible reporting formats. All show significant heterogeneity since they are greater than 1.00 + 2/(2n)". The critical differences quoted will therefore be useful as guides to interpretation of results, but more complex rules that require more data than presently available (24) would be required to define the probability that a critical difference is significant for a given subject. 
Appropriate Type of Specimen to Collect, and Result to Report
The ideal specimen to collect would be one with a high index of individuality, a low critical difference, and little heterogeneity of within-subject variation. From the point of view of diagnosis, the first morning urine, with results expressed as excretion rate, has the lowest within-subject variation, a high index of individuality, and the least heterogeneity of within-subject variation. We suggest, therefore, that first morning urine-i.e., that collected in toto from the last passing of urine before retiring-would be the ideal specimen. However, the requirements to collect all of the urine passed to obtain the volume, and to note the times of beginning and ending the collection, may make such specimens inappropriate for routine use, especially for outpatients, although probably most appropriate for research studies.
For monitoring individuals, timed early morning urine with expression of results as excretion rate has the lowest critical difference and index of heterogeneity. Again, this specimen-type and mode of reporting may have theoretical advantages. We think that the disadvantages stated above outweigh those for practical clinical use.
Use of the albuminlcreatinine ratio appears to offer no advantage. Not only is an additional assay needed, which increases workload and costs, but the critical differences also are not significantly smaller, and there is markedly greater heterogeneity of within-subject variation.
Correlation between NAG and Albumin Table 3 shows, for the specimens with the first, last, highest, and lowest albumin concentrations, the correlation coefficients (and relevant t and P values) between albumin concentration and NAG activity and NAG/creatinine ratio for first morning and untimed urines.
For healthy subjects, the correlation obtained evidently depends on the particular result used in the calculation. Intrinsic biological variation therefore may explain the inconsistent findings previously published. Traditionally, the correlation between two variables has been examined by assay of single specimens taken from a group of individuals. However, where large within-subject variation exists, we believe that the finding of a presence or absence of correlation will depend on the particular point in time at which the specimens are collected. It may be that experimental protocols in which multiple specimens are collected from each subject before the means of results are examined will provide more useful information than traditional crosssectional investigations.
Concluding Remarks
We have proposed previously, using urinary albumin as an example, that data on biological variation-in addition to being used to set analytical goals (14), assess the utility of reference values (15) , and determine critical differences (16)-can be used to assess the optimum specimen type (17) and mode of expression of results (17-19,21) . Using NAG as a further model, we consider that, due to empirical consideration of practicability, and because early morning urine has low within-subject variation, high index of individuality, low heterogeneity of within-subject variation, and low critical difference, such a urine specimen is preferred for routine clinical purposes.
Moreover,
we have shown that assay of creatinine and generation of NAG/creatinine ratios offer no advantage.
There are many examples of conflicting results with regard to whether two variables correlate significantly or not. We have shown here that, when two analytes, namely NAG and albumin, have large intrinsic biological variation, the correlation between them depends on which specimen is selected for the statistical analysis. To overcome this problem, it may be that multiple specimens should be taken from few subjects rather than single specimens from many subjects.
We have suggested (22,25,26) that simple experiments to gain data on biological variation for many purposes should be performed early in the evolution of all new tests. We think that the results of the present study support this view.
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